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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
obtain low moisture absorption, low 
permittivity porous film applicable to 
semiconductor element or 
electronic part by an arrangement 
wherein a three-dimensional mesh 
structure including a siloxane frame 
includes a tetrahedron where an 
organic group substitutes for cross- 
linked oxygen of Si04 tetrahedron 
and has an air gap of specific mean 
grain size surrounded by a frame 
includes the tetrahedron. 

SOLUTION: Three-dimensional 
mesh structure including a siloxane 
frame has an organic group bonded 
to at least one of four vertexes of 
Si04 tetrahedron. It is glass 
principally comprising Si02 including 
an organic group bonded to Si. 
Furthermore, micro air gaps having a 
mean grain size of about 10 mm or 
less exist in the glass. Density of a 
porous film having such a structure 
is decreased because of the air 
gaps and moisture absorption 
decreases because it is rendered 
hydrophobic when the organic group 
is bonded to the siloxane frame. 
Consequently, low permittivity 
porous film can be obtained. 
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im?m 1 1 ~>ci *?is®te*:-£tsE.X7cmmffim. 
[it$n 2 ] H^7cffle«3&*©si <to vmvmm. 

B, AT, Ge, Ti, Y, Zr, Nb, Ta#>6i!lf*l£l ft 

[ mum 3 ] friawiaa*^ ;uste <± ov* /c« ? 
©^yjWRatfLJM. 

[19*314] =ycjBWB«IJi*©S1t0fili^©iWEj* 

-n>S©*;l>J;b#0.6 «±1.5 WTtMCi^t 

[iitJjai 5 ] BET ffitC J: Sib^ffia^lOOm 1 /q tth 
■C. #>0. *©88ttft#J9Q8U2J±©f||#E 1 . 2.3* 
fctt 4 BBtl©iSltffitti/ U X»R3>?LM«. 

[19*316] f9*JlK 2, 3, 4*/c«5fB*g©-> 

y«^7Lflm«»m«ikit<b Lrd&^ttiiB. 

9. «©(M^«9aK«S2 «H (Ti, T, :T T >T.) 

a±*"j. jfc«siiS»*isi(i-c**s/y#3Rfi* 

II l> . Mt# JBfiftftST t ©W«S£#W 3t5Cta<> 
l*»)lfiaa*«T, ©WMS*»» 3 -t*£ C £ Ct £ 9, 
aiOndetT©ffiBS*. VO*-!»->»B**trH^7BIBB 

©HHKfffi. 

IS 2 W±© r ^ * £ it S*^ © ^ fi * n g&ffc-c* 
7 * - iUa-C* 5 C i £#8!t £ f SI9*JI 7 f Big© 

> y *^^?LSH©S5iii^^„ 

[if*>19] (Al)— ft&SWSiCOR), */c«R 1 SiX 3 (C 

©r^+^ss'fctt-? *-;i<s, x wf «^©^pv> 

"CjlSihSfb^L te^fcO'CBl)— <S^R i R 3 Si(0R) 
, £fc«R 2 R 3 SiX, (CCtR 1 , R I O^^Jtt<ifeli 
ttt*Ktt2 £Lh©r^*Jl'»*fcB*©7A.*PB»«E 

i ~4©r;u+Ji/»*fc«7 x «f fclif ©^ 

[19*31 1 0 ] CA2)— USSSR 4 Si (0R) 3 £ TcfctR 4 SIX 
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toaisit. r ~4 ©r^*;us*fc»7* 

125. fciCJ^)— J&jSr'R 6 Si COR), £ fcfctR* R 6 SiX. (C 
C"CR' , R'tty^SfcJctf/SfcJir^-fl'g. R (J 
~4 OTJHMifcti^i^^i, x «f fcl 

10 [if*JIll] CA1)— flS^CR'SiCOR), gfcBR'SiX 
, (CC-CRni^^US^fcti-? x-;Ug. r «jgS3$8u 
~4 ©r;v+;wa*fc«7*^.;ua. x «f «{f©^ 
af>7cm) ■c«Sti4{t^». *$J;0*CA2)-»!S:SeR 4 si 
C0R)3 $ fcttR' SiX 3 (CC-CR 1 ummSa lH±<DTJl>* 
^m^tc^CDy^^ummW. R 5i0«£ffcl -4 ©T 
Jl'+AlifcB^s-;!/!, x «f kW©^ny>7c 

[IfjR^l 2] f)g2^flJig*5— «£i$M(0R) „ ttcitMX. 
20 „ (CCTM «B, AT, Ge, Ti , Y, Zr, Nb, Ta, Si*>6 
atf*l4l ®Wfe(±©^Jlx«- n «^SM*5M^t?> 
®^©^. R -4 ©7*t;H$fcH7i- 

X «F«J1-©^P>r*>7C3R) -c*3*iS<b^* 
SiJC^-T-SM ©*;Ht^0.005«±0.15tiT-C* 

M9. 1 0 * fc« 1 1 IBig©'> y *^^?LWBlJf5fi£ffl 

1 3 ] mmw&*<Dmnvm&w-%}ft*& 

30 3bi5OO0*^T&.SC £^84£-rSlf*rag , fo , 1 
1 . *fctt 1 2 ia$S©~> y *^^?LM)R0sSffl^Mo 
[fisRJS 1 4 ] if*«9*>6 1 3©C>-r#l*>l«{cffi 
tEWSt^^W*. 70'Ct(±300 °C«T©SK-Cie^3 

■e, i>c(c35o °cw±65o °cfe<T©iaar'^?stt**^.#H 
StTiMlb, KsSiS2 fiLh©r^*;i/S4fc«*© 
7^*o,«^*j»»»s**ci*i*«i-r*^y* 

S^?LSM©M)t^a. 
[»W©*ffltttt9!] 
[0001] 

40 mwomrztfffift&'i lsi ^©nitflfc 

£Kffli>&n«iai»jKtt<tfiii«**mKm^4t©r 

[0 00 2] 

[fie*©s»n lsi m^HDismit. mmmiticyti-c, 
©igKR &ettin«(^o c (cjBm©$sc <wikm«^w 
ti^ciiMt, j,tntftiMi©ttm , *«T(f&c± 

so StttcffftmbSti. ifcR«¥2.5 *»©*m**si«K: 
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[ooo3] a*, mmmmmt lxi*?* h 77^+ 

OMil-C, CVD fc£iCj:SSiaF©JSEJ^ fl«tt*4© 
J&tt, *7LK«tt^«*SnTl»*« SiOFttF 

fi©i£A tt& fcifcBf 3,3gSJ rffiT-r & # . io 

f mtt^cmumm< wii^B^Sc «a 

**HW, tb^m^2.2 ^*r©fl|R«Wf*#»6ft 
4. 

[0 0 0 4] ^limmcomt ut, &Msog ;u 20 
ft* i SIB 3 i^c fc <D*JiHW». ^ U MtfflZmmmc 

n. J. Appl. Phys. 36(1997) 1355] 0 L&L, Z<DMt 

jd^tp^ommtcj: *) 13% mm<Dmmm<Di9m&$>2>5 

A. aWA3*i£?L«:A*< * o.is/zm ©EttlHH^Cc^F 

[0005] &jimm<DM<Dm± it, ?■ h 

+ 4*0^/1^** ft 5 [Mat. Res. Soc. Symp. Proc. 443, 
99(1997)], L*PL&^6, CC0*-fepyjHB«, ftMK 

fit, mm<D?'Uz fiasuc ttfi^ttft £ © j£«c raa# 
^^m^o c<oj5S<z)S*#^sio,a®»r« 

^y^wfcffKci^TajAsniWfiaio/cfetc, ?l©ji 

j»3 n/c 4>©fcmsE-r £ c i fca 
[0006] ^Htcsi-rtg^sw-r^Tk*^^ y 

hyd roqen si 1 sesqui oxane (HSQ) "C b T f&M O fc 
fe©#J£B«*2.5 l/"C«^-Snrc»S[ 
ttPftL m58fpI0ffl^^^^}Sl^rll^ffi»No.2 
4p-K-7] 0 L#>U Si-H<DiiH}»tt«*4 0lli<tt<, 40 

o °cfrt>7km<Dmt?xm&%v), 450 Q c«±-c»»cfc 
£0 ***jiwr*<t, •©«««#*<«:*. lsi 
pHz^rtt, ^jsiB«cor--^iaa[*s45o °c<b#^n 
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[000 7] 

**©s/ y *»*TL»«*!iet-r * t or * -5 0 

[0 00 8] 

[»«*»**r*fca&<D*©J HrffiHjH», ( 1 ) isv 

«»©d>ft < ± *> 1 fflja±**«araBftL/fcHffl#* 

»^HH*itt»H*nfc¥^Mrmi(aTC »* L < 53: 5n 
mJaT, S&CC«2nm-KT, Wtelnm «T) ©«MHtt£ 
RR« 4 C t *ftm tt&is*) #»*?LMt ( 2 ) 

^^0«^*©Si<hO^(DS^S^^, B f AT, C 
e, Ti, Y t Zr.Nb, Ta#»5jSMMi&l «ffifcLh<£>7C^r 
^Ci^fflitS (1) SB*©^i;*»^?LK*l, 

( 3 ) mmmmm&j ^^m^^u/^tcuv * 
*dt?t -r* (i) <2)ie*K©^y 
*»*?Lim. ( 4 ) =^5BWB«Bft*OSi £0 J£W© 

ffmmmmmvm<D si * jwt^o . 005 « ±0 . 15 
Mit^ ( 1 ) , (2) (3 ) latg©^';^ 

^?L^M, ( 5 ) BET mc J; S ttaffilS^lOOm 2 /q £t± 

*©fflttft3W9QBBa±© ( 1 ) , <2 ) 

tt ( 3 ) iBtgCDtKRiStti' >; ^m^?L^si. ( 6 ) 
( 1 K ( 2 ) . ( 3 ) . ( 4 ) gfci* < 5 ) ia*©-> 

(7) sitcjs^Lri^swisa^2«afit±*o, 
iftwi^ ©w^s^^s? s * c & a < , mam 

JcffJfiX 3 * £ C t t ir S j/ij jfi^TLKn^Hfi 

2«± (-«W5CttK««2-12) ©TJU*Jb»*7fctt 

*©7ji/*aa»«^r*0, 3&>o, j»»»^rccjBc|3ic 
^;«*fc»7 x ft S C i 4# 

«4"S-4 ( 7 ) fBtS©^> y #»£?L»«t©MIWffi. 
(9) (Al)-*S;R 1 SiCOR) 3 Sfctt^Si)^ (CCWIi 

^^;uS4 r —4 ©r^* 

RjR'SiXi (CC-CR 3 , R J ©9^tt< cbfc 1««J^»« 

2 K± (-«WK:B«3R»2 -12) ©7ii/*JU»*tett 
*©7jb*njBgH*"C, *ti«^B^^^sayt«^* 
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^?LSI»J&fl§^ffi&, (10) CA2)^^R 4 Si(0R)3 

s/c^si^ (cccR , ttjgsR«2 «± (~mmam 

f «^KO^oy>5aR) T*3;hSfl:£«l. **J:tf(B2) 

— JJS^R S R 6 Si C0R) a *W*R s R B Si>Q (CCtlf, R B tt> 
TJl/^JVaa/crt^x-r-J^ X&F t<^fCD^ny>7U 

1) (Al)— <B£;R l Si(0R) 3 *fc«R l Si)^ (CCtR l ttR 

*tt2 &L± (~-ffl}M*mmk2 -12) ©y;u*;ug£ 
fc&^^l^Pg&f*. R ttSatfti -4 cdt;M^U 

3*lSffc-&«l *J<fcVCA2)— fl££R 4 Si(0R), *fc»R 4 Si 
1—4 <DTJl*fom*t£te7x~>l& % X ttF JWJf<Z>^ 

(12) Wi2&W**SHft3CM(0RD „ i/cfctMX 
„ (CCTMfrJB, Al, Ge, Ti ,Y, Zr, Nb, Ta, Si3&>6 

r ttKXtti -4 ©y^+^aifctt?*- 

x GiF «^^oy>7C») "CastiS^b^W* 
SifCfcfTSM CD*;Wfc#0.005 «Jbo.i5tTFrft 
0 . *po si (C^-T 4 ^ ^ -rl/S*J J: CJf / * /c « 7 * - ;l/ S 

( 9 ) , ( 1 0 ) Sfcfci: ( 1 1 ) fffltt©^ »J #S£*?Lff 

Uffiummim. < 1 3 ) sw^««*©«iioaai¥ 30 

£tf5^§# 500Q?fciSS ( jtf £ L < « 3000**1, 5 h CCttlO 

( 9 ) . (10), (11), JfcB(l2) SE«Oi/ 
'J ^^TLSMUBJi^tt^. (14) ( 9 > ( 1 

3) <D^TM>imictzm<Dm*mfi&. 7o°c«_t3oo 
&?&sn£ 0 40 

[0 0 0 9] 

7E«B»ji*W'rst©r*5 (Hi) . ctucatu-c 

= ^iffl B« JS** , si 0, EHMte© 4 fflOTB*© 5 % 4> 
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«fcffl»**rrSfc©T*4. =^5c«B«Jtt*. SiQ, 
E3ffi<*<D 4 <@(D7JL£<D 9 %4>& < t i> 1 fl(c#«Stf £ 

&< £4> 1 «CC*JR*jJ:tf/*^:tt*BJS3&s*S^Lyfe:fe 
tcmil^ 6 MS *> £ i ^Sl0nrr«Tr ft £ . 
rft£„ 

[0010] *«W©^y *«^?LHBtfcfcW5S» 

^lonmwrr ft a a ^m\tmmc & *o m e> n a kli 

gST^^T-CO^^^tCj:^ , 5nm , 2nm , lnm 

^nwrtc-ra c t & pjfg-cft a Q 

[0011] jxcc. *«*<o^?L»fll©J:b»«*K:oi» 

Siarafflft©4©CD][l^cD ; 5^^j:< <hfe 1 

SiOH) 3W*Si, -ttiaJtO^ffi^^t^ Si-OH 

^P+*>#»5C*«*^itt^UiBbk^fc3hSC<!: 

SI«<D^iSS*5l0nm*ait * i , J®«a^§i < & 0 JfcfcH* 
(CMP) £?t -3 /c i £ teflBHJtfjhJ&ie* 0 ?L©*cc 

So ^^JCcfcntf^l®<D^#$^ionmWT©^y^lS 
[0012] 4CAK<D^?LSH(DMNC»0.1 Mm «±5 



mmmrji^vmikLft^LX^tc <0I*.«US patents N 
0.5,470,802, NO. 5, 504,042 ) „ #*gH«, fflBffiMZ: 

[0013] ±fB©=;>C7c3lHBfl|ji«, Si , 0 Office, 
B, Al, Ge, Ti, Y, Zr, Nb, Ta^£»tfft4l «3HeUl 
©^JSTcfRfcftfeCiCcJ:*), 3 6icJ£R«£*W£ 20 
CtJWHSft*S. B, Al, Ge, Ti, Y, Zr, to, T«sfr>6 

M*cc^Lri^f^j£tto^^^--;U(siOH) 

S. Sitc^-T^M <D*;I/Jt«0.005 fel±o.l5fe(T-C*S 
ci^!Sti\ ccDtb^o.oos J:5/hSi><fci/^-/- 
JUS®«<DS»S^ 3 < , o .is J: 9 A * l > i Jfcif 
iK< 30 
[0014] Si0,Hffi#©a8*IM3R(O^ < i *> 1 «£i 

*c£#«fcWJfrc*s. sittt^r lsi 
t), #«*fc^3i>fcfc* siJcM^-r^W^Scborw 

[0015] #£6ljgCC V ^^^?LWJ^ti, Kr#X 40 

BET ^ri'J^O^cJ:baaS^100m 2 /q 3 
&{Ctt200m7g Wi^&SCitffflaLl*. BET ffiteJ: 

Kr*fle^fe#3&SiW3effiK^iSl» 0 Kr#*«rflJl>TBETi£ 
-CiSU^L/cttaMS^lOOrnVg ffiBft**5l>to 
<fi«Kffc^**tt»«*ffi«0»*3W/jN3C». Sste, 

»S*©iBi>0HJl3&J^<&s<or, itR»*a*±;&*S. so 



*Jgf!2 000-77399 
8 

[0016] Sfcfc, *3693©J/«;*3fi*?Lllfll0^7L 

»ffl*sJ:Vl£aHOffi«BI»<) s bet ¥ffiSt5©M 
*^WfcISs 0B o i©ik, Tfrfr^s BET (=r) 
3W80*iH^4C<t*«tt-r*. *«98"CttC<Dtfcs BET 
A.. ^100 feLL £*)1tf3iL< »120 J«_h, 3 6CC« 
150 JW_bWtei75 £l±r*4#, ffl»tfWCtt200 -300 

[o o 1 7 j *fc, ?&ftM&<D^wm&mw&m'&-c<D 
mmmmmfr *> ^ y *»*?L»iio«fL**«»T a 

3&fctt20%J«±. WCC253d£Lh"C**. «WL*#'h3 
l*ii;kR«**iaT3'!*SJ»*3^»6n&l». *fL^CD 

[0018] LSI IR^&£©*a»f*SWC, *5HH<D<S 

■*Mti=*7cii*a##t4ai!itt, siccus^ 

TRpvr iiBK) #Si&af£^UTl>£«£\ *-T, Cti 

i^a^R , V r ©»»«isffi**ti«nT 1% t 2 c Tato 

t^i, ^<*^^4(Dffi^raPg5e:l:t-<+^$E^io 

i^r*>J:i^ r p V r **JsKL/t:ci4M-?-©9%o 
— «B*»or*>J:t^. R„vr &c£*c J: 0S1 

<h<DJfg^<DWn/cSP^Cc t R pvr (ctb^titf**J/h3l* 
fc»3SI»*3aH* £ J: 5 ttS«flt» 4 ©IS^*«r* r J: 
mtfR ovr ^SSSt2 JM±or;i/*;b«©i»^, 
si<bte^*r^«7ucogB^ficsi 

*©Si*sa*«r^Lrffi<Dsi<btt-&L, si-O-Si 
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[0019] mmt<om»mm&» % —mc^^^;m 

(US Patents No. 5,321,102) . C<D#r£"Cf#e>ft£^?l 10 

A*it*s#, *fe&ff^©{fii>#tt&<D 

[0 02 0] $/c, y*;US^l/izX*#*tf>*CCffi» 

jfirffi^flSEStlTl^i (Julius F . Remenar, et. al . , M 
RS 1998 Spring Meeting, Abstract p97, E2.4, US Pat 
ents No. 5,700,844),, CO*ffi"CS6*lS?LO^:*3 » 

-rf **y F©»&5 ^D>*-5^<DJUcfc9, # 

y # :/n ^ ^ f >©»^ionmr* s„ *piw~ct£, y 
[0 0 2 1 ] *«W«:J:4^y *»*a»R*JBlsW* 

'XTtmmmDK sio,E3ffi#©swm»©4>tt< £*> 1 

«M±tW«a-CIB»LfcHffl#*d*. afeo, ^©H 
eWB&Slift***r*^:«>Cc«, -€-(0a^j«tJ, (A) —AS 

s;r * si cor) 3 sfctiR ■ six, (r ' tiwaa, r jsk 

R R Si (0R) 2 $ tdtXR R ' * ' SiX, (R " , R 

*-^a, xiiFH»0Apy>jai{) -0*3*1-5^ 
»©»n*#^©5^ 4>*< 4 6 jfe-^fefc-r 

[0022] ca) stcH-r sfb^»ra, sitc««ai3ftj 1 

{lO^^LT^ST^^F-C, (B) WtCK-TSfb 
(A)*5j:tfCB) PcD{b^5CDSiT^n + VFtcJS^-ra 
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(B)<DSsir;i/=i+*xFteiB^-rs^«aiLr, t© 

[0 0 2 3 ] «&¥8-3074#M\ ^> »J 

ffiftiir, qv. si(oo). (cc-c. crttRSSfti — 

^>{b^^e>istfti-6^fe< <b«>2 a«*r«Ngffij6cft 

««¥3-20377 SaR»l-4(Dffl»ril'*Jl«* 
fcteT y -rt>*#siK:*S£Lfc2 Wftfr&fc £t>*3 Wfifrtt 
©SiT;Un^> F*f Fffl*WttL>fc*B£ 

Z> 0 ^^6-34602 5^*5 1 2 

>i *ji/tc*tLT:3 'gffi!t^^>*i —2 o*j^Wt 
Ja^iisr^^iiir, r^+^s, ry- 

tl^, L^U ^£^8-3074^ 3-20377 
<fcO«ieB8¥ 6-34602S*t«:, ^-r*lfc^^^ >7^t'>^- 

^©tt^ffWKJ5S*B«tLfct©-c*s. fit*, c© 
3$ $ nr ^ a /cfg^ JtR«*^f# ^ n s J: ^ cc a 

o/c *«98ttC©*6C*SC^r. ^^8-3074-^-. 
¥3-20377 -5f*5 cfc 0^^6-34602 5^ £ <atto"C 

*»IB0cJ:n«, £m*©itSf«£<!: Lt, 2.5 

3eiC«2.4«T. 2.3 «T. 2.2«Tfcn[Sg-e 

[0024] *-r. m&ms tc~D\,>xwsi?2>. cm— 

JKSR 1 Si C0R)j S/c^R*SiX 3 (CC-CtfteJ ^Jimgtc 
t*7 x^-Jl/S. R »K3(8»1 ~4 ©TJl/*iUS*/cB^ 

4fb^»r, ^y*«*K»or«iatt4fiS«s*«te 
^©^tS»^A*r^<t[5)^c, ^n**>*»*»« 

F y y Hri/i/v> s 7 h 'jx h + v 

i/^>&i'3&5*tf6*X4. (BD-^R'R^SiCOR), S/c 
«R?R 3 SiXi (CCtR 1 , R 3 ©5^4>&< <bfc 
S2 fet±©TJl/*^Sa^:«*©7^afPa*#"C. ^ 

©TJU*JUS*fctt^ x-juS, x 5JF JW?f©^ay> 

tcS) w:(B) sjcm-r^b^ftTfta. cbd©^^j 



n 

;>^>, i?M h=^>^;l/-3,3,3- h'^WP^Pt' 
A/CfcJ:l>. IW*:m2}cfBiS0fc<£Mc, (Q — 

flJKMCOR) „ gfcRWt, (CCTMWU B, AT, Ge, Ti , 
Y, Zr, Nb, Ta, si*> ^aKtiSl MSW±^Htc 

M#B, Al, Ge, Ti, Y, Zr, Nb, TartPfcatf 

[0 02 5] ^CC|»*SlD«:^t^-CttWr *. (A2>— « 
^R 4 SiC0R)3 SfcttR'SiX. (CCt?R 4 ttK*»2 £Lb(D 

+ t-^WF^PPS/7>, (3,3.3-h 1 ; 

^>fr£#W^ft£ 0 (B2) -^R 5 R 6 Si(OR) 2 * 

x «f «J*©^ny>5HR) (B) »fic«f 4fb^» 
CO (DffcCC, gg2&S9 (D»W"Ca^ftiCBl)<0{t^ft*i<t 

®9 ©WWra^fcco ©fb£^**A/t?fc CO so 
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[0 02 6] ^«c»#5uK-3^tttl!litS 0 CAi)<t CA 
2)tt*ft*fti»3»l9 fc^i^'lOOIft^COcbC^r'iE^/c 

iot$)^ a cad, cA2)^n^n^6i @a«±ofb^ 
uvxm&iwMmimmimifi&btis. cornet, 

ra^fcco ©ft£!W*SA/cfcJ:c>« CO oit&MZ 

[0 02 7] 11**19 — UiCbH-C, SifC^f-T^M 

;i/tkrt*o.oo5 K±o.i5WTT?*-5Ci*sasoi»o 0.00 
5 X^'l^S^tis? s—)\s&m&<o%i&&'l^ < . 0.15 

yW7k<t©»**i/bS < 1.5 J: 0 5t*^iIH(tt3WST 

[0028] i*^jai3cc^i>r, m^^(D^m(Dmm. 

I, *(DA*3«10nriK 5nm 3 ?>(CB2nm . lnm J^TO 

[0029] *mi<DimmBtm<Dimtc7)izi*i/ 

fi- ^ hx^fjK TW^-;V7 5> t 7)l*)\/7)l> 

i*^fflffl-c#^ 0 **Mfc*5»*ttPkiWWrB. £7;u 
B> TiU3-;i/^©waffiJKr*ii0rfe<fci» o 2 j e;uflS 



13 

[0 0 3 0 ] *m*#JBK::b^Ttt, t^+^t^^ + v 
TJi^-Jk r-feh>, h;ux>, ^>u>^-t?&£o 

ffiltfe^^o X:7*U-n- ~r 10 

[0 0 3 1 ] »*H«.70 -300 °CT$*f$£#g3-tf, % 

tlS^aiffi^lOOppmEiT, cfc 0 W* L < « 50ppm « 

650 o c^a^-2,i, -r^r©w«s* s »»r 

[0 0 3 2 ] *«WCC J:53»»jRtt, LSI S^fflllPaffi 
[0 0 3 3 ] 

[HS£{?d ] ^M©(S«KWW*HTOllJWK <fc -o 30 
(*J6W1 ) b*w ^3,3,3- h i;7Ji/*n^a 

^^;l/hyxh^V^^>^^e;l/l:b"Cl2:l:24 <fctt 

5. ^->n-^<DH^IS* 3 10rpm ^6l00rpm<Dfl&H! 40 
■Cl.9anPa • s r&o/c XtC, CcD^fijiK*^ b 

*fc. Uvq8iR^6M/c^FS^*^a3CC7nt" 0 2O0 
**ttt-*tt$>?-fli20 WiS©£t£CC#&U x£ 

% ^ V :a > te ± * * >© 7 ^ n * K JSBJ « 
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70"C, 150 °C, 200 °C<D&U 

[0 0 34] FT-IR h JUJ: *) . 450 'CO^MIIhu 

JCtt . siq, M&c y t -Chz ch 2 cf 3 # A o /c^jgcc £ 

6, 450 x;o««ffr«^x^©^^jBtt^6ttffo 

©Siffiffl i Si ^ x^©A» 6#fcfcX«ffi»©tks 
bet A, eo «175T**-3fc. C©St©afffiBl.2 Tft-o 
fc 0 ^3^*380 °Cr20»ra^iM^fO^CH 2 CM I CF3 
»»-Br*»BI^Tl^il*ft-ofc4#, Bfttttl.5 "C 

*ofc 0 ^ao^t^6*^^m?L^ii^2o% r&o 
tc B ch^omm&m^ 450 o c^iirf#e»n/cisi^. 

/S3ftl0rmitfDW>t«rf¥»L, TEM "C400 7JfSOfS^-Ca 
»Lfc3&i, ?L«m€>#aft*^/c. 5nm gK©?LBTei T 

[0 035 ] ff»LfclS©l»*«tt500nin r*o/c 0 l» 
Slum <DAl«ffi*±SB«a4 U-CoC^, Y>t'-^>X 

««tt2.3 , Kffi*r©Jtai«*B2.2 r*^fc c AM 
4 wrrab^(Dtc*f(>. 7k©R«*«2o*cr80TAa© 

[003 6] (W«2)7'bH»x^l/i*6*»i; 



15 

^ >£*JUt~Cl:l: 5 <h & 5 tt x £ y -^SBRtfi-c 

I > Si ^ X ^ _BC , FT-IF^J^JB (C teSi "5 X y ^ 

±cc, 7o°c, 150 'C, 

200*C(D*jBffi«CB!ffiLT*'S>*9 bt/U- t-±T\ 1 

H«»t>* 30#flfl450 TirJBHBHILfc. 
[0 0 3 7 ] FT-IR h;VcfcO, 450 "CCD^SImJ 

[0 03 9] (tt«W) ^ V*isisJ?>V*s*r^tji 
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16 

f*. 400 °CV3Q&m%;tpVmf&mLtc<> FT-IR X**<^ h 

[0 04 0] JtR**tt, ^SW^.O , K£.tp~C2.8 

10 [0 04 1] 

[»W©J»*] J: titf, JtBtW#2.5 

<g<> iRffltt*(ac^';***7LKil^»6tifco LSI 
ffiimU&KMft £¥SM**?* <fc WMBRaUft^ C CD 

20 ^7c , r«si©iB{aaa«4 r*a 0 > 

BS<iD3^7cr«Si<DlH{!Ha«4 "C^^ 0 ) 
[S3 ] *»K©iaii«fc*j»«GPC aB5Eft*fe&#» 




(10) 
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[03] 



-3 




•7D> \-^.~-i/<D&i& 



(72)26^* IE 

»^iH!l/l»rfJ^E#Ba3 -35- 1 



»^iiimjii«m4J^is#ffl3 -35- i 
wmmm\\mititpwM#m3 - 35- 1 



